Hybrid zones are important windows into evolutionary processes and our understanding of their 14 significance and prevalence in nature has expanded quickly. Yet most hybridization research has 15 restricted temporal and spatial resolution, limiting our ability to draw broad conclusions about 16 evolutionary and conservation related outcomes. Here, we argue rapidly advancing 17 environmental DNA (eDNA) methodology should be adopted for studies of hybrid zones to 18 increase temporal sampling (contemporary and historical), refine and geographically expand 19 sampling density, and collect data for taxa that are difficult to directly sample. Genomic data in 20 the environment offer the potential for near real-time biological tracking and eDNA provides 21 broad, but as yet untapped potential to address eco-evolutionary questions. 22
Hybrid zonesregions where groups that differ in one or more heritable characters interbreed 23 and produce offspring with admixed genomeshave long been considered important windows 24 into evolutionary processes (Harrison 1990, Harrison and Larson 2014) . The study of hybrid 25 zones has provided insights into the nature of species boundaries, the role that hybridization may 26 play in adaptive introgression and speciation, and the influences that climate and environmental 27 disturbance have on the distributions and interactions between species (Harrison 1990 have continued to expand our understanding of the importance and prevalence of hybridization 31 in nature (reviewed in Taylor and Larson, 2019) . 32
Particularly as rates of hybridization increase globally, due to a number of factors which 33 include species introductions, range shifts, and anthropogenic disturbances, many authors have 34 accurate documentation, we cannot determine the consequences of hybridization, or mitigate 40 hybridization in instances where it threatens species survival. We will also be hampered in our 41 ability to understand how anthropogenic change is altering species interactions. Thus, despite 42 renewed calls for temporally repeated and high-resolution studies of hybrid zones, our ability to 43 thoroughly investigate the dynamics within hybrid zones has been limited by various factors. 44
Most hybrid zone studies are conducted in a single season, across a single geographic 45 replicate. Given our growing awareness that hybridization between the same taxa can have 46 variable outcomes that depend on geography, ecology / life history, local demographics, and 47 habitat, (e.g., Mandeville et al. 2017 , Schumer et al. 2017 , such studies limit 48 our ability to draw broad conclusions about evolutionary and conservation related outcomes of 49 hybridization. While many would prefer to incorporate repeated geographic and temporal 50 sampling into studies of hybridization in nature, the reality of short funding cycles, logistical 51 challenges of geographically replicated field work, and sequencing costs for thousands of 52 samples has limited the number of temporal or geographically replicated investigations of hybrid 53
zones (see Buggs 2007). 54
Decreased sequencing costs has partially alleviated this problem, even for non-model 55 organisms, bringing such studies within the realm of possibility for most labs. However, 56
geographically replicated sampling at the scale needed to adequately address questions about the 57 consistency of interspecific interactions in hybrid zones remains challenging, especially for 58 organisms that are logistically difficult to directly sample. 59
60
Using environmental DNA to study hybrid zones 61 62 DNA that is collected and extracted from environmental samples is referred to as environmental 63 DNA or 'eDNA'. It is a means of collecting information without visual observation or direct 64 handling of organisms, which sometimes has negative impacts on the organisms or the habitats 65 in which they live, and requires expertise and spatio-temporal sampling effort (Jerde et al. 2011) . 66
Sometimes referring to samples obtained from direct remains (e.g., hair, saliva, scat), much 67 eDNA work uses indirect genomic remnants found within the environment (e.g., air, water, or 68 soil) which allows for sampling areas of suspected site occupancy and increasing access to 69 habitats that are difficult to sample. Whether subcategorized into intracellular (e.g., DNA 70 enclosed within cell membranes) or extracellular (e.g., free-floating nucleic acids after cell lysis), 71 eDNA represents a biological archive of genes, species, and communities that historically or 72 currently reside within specific habitats. Although challenges remain, a number of studies have 73 successfully (and repeatedly) used eDNA in both aquatic (e.g. Thomsen advances in the use and study of eDNA that expand beyond mitochondrial barcodes, we believe 84 that eDNA is a potentially powerful tool that could augment studies of hybridization and hybrid 85 zones in nature. Studies of hybridization and hybrid zones should use of eDNA to increase 86 temporal sampling (contemporary and historical), to refine and geographically expand sample 87 collection, and to collect data for taxa that are otherwise difficult to directly sample (e.g., rare, 88 cryptic, or otherwise elusive). 89
Two recent reviews have highlighted new potential uses of eDNA, encouraging a 90 transition from strictly taxonomic monitoring and conservation management, to more ecological 91 (Bálint et al. 2018) and population oriented avenues of research (Adams et al. 2019). We add to 92 this discussion by suggesting that eDNA is a promising but underutilized tool for evolutionary 93 investigations, particularly for studying hybrid zones. The use of eDNA for the detection of rates, yet it is not without its limitations. For example, most eDNA studies to date have 183 employed mtDNA as their marker of choice, allowing for the delineation of maternal lineage or 184 contact boundaries, but failing to incorporate aspects of admixture. This is not a hindrance f 185 exploratory analyses, as a necessary first-step would be delineating species boundaries and 186 identifying potential geographic areas of introgression (Fig. 1) . The relative proportions of 187 genetically similar taxa can be quantified using mtDNA SNP detection via eDNA sampling (e.g., for well-studied hybrid zones with a priori information about admixture, eDNA represents a 202 potentially valuable addition to current sampling protocols. We emphasize that eDNA, like 203 many other tools, should not be used as a standalone method for the study of hybridization and 204 hybrid zones in nature. eDNA has always been a compliment to other traditional sampling 205 practices, whether for biodiversity monitoring to confirm presence/absence assays, or in this 206 case, to clarify levels of admixture. 
